Role of the C-terminus and the long cytoplasmic loop in reduced folate carrier expression and function.
The reduced folate carrier (RFC1), a member of the major facilitative superfamily, generates uphill transport of folates into cells through an exchange mechanism with intracellular organic anions. RFC1 has twelve transmembrane domains with N- and C-termini, and the long loop connecting the 6th and 7th transmembrane domains, directed to the cytoplasm. To elucidate the role of the C-terminus and the long cytoplasmic loop in carrier function, mutants with deletion of the entire C-terminus or with progressive deletions of the loop region were constructed and stably transfected into the murine MTX(r)A cell line, which lacks functional RFC1. While expression of the C-terminus-deleted RFC1 protein could not be detected in the cell lysate, the RFC1 mutant lacking 57 of 66 amino acid residues of the long cytoplasmic loop appeared to be inserted into the cytoplasmic membrane but was not functional. In cell lines in which 17 or 31 amino acids were deleted from the carboxyl half of the loop, there was partial preservation of methotrexate, 5-formyltetrahydrofolate, and 5-methyltetrahydrofolate transport. The loss of 5-formyltetrahydrofolate transport activity in the delta31 and delta17 mutants was due primarily to a decrease in substrate binding to the carrier. Mutants with partially truncated internal loops demonstrated an anion responsiveness similar to that of wild-type RFC1, indicating that this region of the carrier does not contain a site(s) that plays a role in anion exchange. This is the first study to describe the important role of the long cytoplasmic loop in substrate binding and the crucial role of the C-terminus in maintaining stability of RFC1.